The total cross section for γp → 3π 0 p has been measured for the first time from threshold to 1.4 GeV using the tagged photon beam of the Mainz Microtron. The equipment utilized the Crystal Ball multiphoton spectrometer, the TAPS forward detector and a particle identification detector.
I. INTRODUCTION
The spontaneous breaking of QCD chiral symmetry leads to formation of hadrons with mass. Restoration of chiral symmetry under certain conditions was theoretically predicted and has been looked for experimentally in nuclear media at normal density and in highenergy nuclear collisions. An experimental observation of mass degenerated chiral partners could be one of the signs of such restoration. Meanwhile, mass degenerated chiral multiplets are observed in the spectrum of excited baryons where pairs of N * and ∆ * with the same angular momentum but opposite parities form parity doublets with nearly the same masses.
Glozman was the first to point out that the existence of the parity doublets can be attributed to the restoration of chiral symmetry in highly excited hadronic states [1, 2] . The third resonance region consists of three pairs of N * and two pairs of ∆ * (assuming the existence of the one-star ∆(1750) ratio of N(1535) 1 2 − → N(1440) 1 2 + π [5] .
II. EXPERIMENT AND DATA ANALYSIS
The data were collected in 2009 using the upgraded MAMI-C electron microtron that provides a high intensity beam of electrons with maximum energy of 1557 MeV. The MAMIGlasgow tagging spectrometer [6] [7] [8] protons. See Refs. [9] [10] [11] and references wherein for a detailed description of the detector.
The geometrical acceptance of the setup was increased by covering the downstream opening in the CB by the TAPS BaF 2 forward wall. In its current configuration, TAPS [12, 13] is comprised of 360 individual barium fluoride (BaF 2 ) crystals arranged in the form of a hexagonal prism. Each TAPS crystal is shaped as a hexagon with an inscribed diameter of 59 mm and length 250 mm (12 r.l.). A time resolution of 160 ps was achieved for the TAPS detector [12] . One crystal in the center of the TAPS detector was removed to allow the beam to exit. for each crystal was used to ensure that all the hits in a cluster originate from the same particle. The timing coincidence window for the Crystal Ball was set to 70 ns, and for TAPS it was 30 ns. The energy of a photon cluster, calculated as the sum of the energies deposited in all crystals contributing to the cluster, was corrected for the leakage of the electromagnetic shower outside of the cluster boundaries and for nonlinearity of the analogto-digital converters. The energy-dependent corrections were calculated from a Monte Carlo simulation and verified using the experimental data. For the case of the proton cluster, only the angular information was used.
The detected events were subjected to a fit with kinematical constraints as described in earlier Crystal Ball publications [14, 15] . All 15 combinations of three photon pairs from six-cluster events, and 105 combinations of three pairs plus one proton for seven-cluster events were tested against the γp → 3π 0 p → 6γp hypothesis. The combination with the best χ 2 satisfying the γp → 3π 0 p → 6γp hypothesis at the 95% confidence level (C.L.) was used for further analysis. Therefore the fit was exclusively used to determine the proton cluster and the three pairs of photon clusters from the π 0 decays. The efficiency of the method in respect to the combinatorial background is found to be better than 95%. It was evaluated using Monte Carlo events. An event with n hits in the beam tagger was treated as n independent events with beam energies E n .
Above E γ = 709 MeV the dominant background for γp → 3π 0 p is the η photoproduction reaction followed by the η → 3π 0 decay. In order to handle this background the events were also tested against the γp → ηp → 3π 0 p → 6γp hypothesis. An event was rejected if it satisfied the γp → ηp → 3π 0 p → 6γp hypothesis at the 99% C.L. Figure 1 shows the invariant mass of the reconstructed 3π 0 from the reaction γp → 3π 0 p integrated over all photon beam energies. The dominant peak in the distribution from γp → ηp → 3π 0 p → 6γp is compared to the Monte Carlo simulation of γp → ηp → 3π 0 p → 6γp. The flat distribution under the peak is due to the direct γp → 3π 0 p reaction, which is the subject of this paper. The main part of the γp → ηp → 3π 0 p background was removed using the procedure described above. The residual η → 3π 0 background was determined by analyzing the γp → ηp → 3π 0 p
Monte Carlo events as direct γp → 3π 0 p. This part of the background was normalized to the ratio of the reconstructed γp → ηp → 3π 0 p events in the simulation to the number of γp → ηp → 3π 0 p detected in the experiment and also subtracted. Additional corrections included subtraction of the good events associated with the accidental hits in the beam tagger (∼ 13%, see Ref. [16] for a detailed description of the procedure) and subtraction of the empty target contribution, which ranges from about 50% close to the threshold to about 3% at higher beam energies. The invariant mass of the directly photoproduced 3π 0 after removal of the η → 3π 0 background, the random beam background and the empty target contribution is shown in Fig. 2 .
The number of photons in the beam was determined from the number of counts in the photon tagger corrected to the tagger efficiency determined in a series of separate measurements, and to the live time of the data acquisition system; see Ref. [4] for details. In order to verify the absolute normalization of the γp → 3π 0 p total cross section we have calculated the well-known γp → ηp total cross section. A comparison of our σ total (γp → ηp) to the results obtained in an analysis dedicated to γp → ηp [4] in shown in Fig. 3 . Our results are within ±5% agreement with the previously obtained γp → ηp cross sections.
III. RESULTS
The measured γp → 3π 0 p total cross section is shown in Fig. 4 and listed in Table I .
Only statistical uncertainties are shown. The systematical uncertainty is estimated to be 15%. The three main sources of the systematical uncertainty are: (i) the uncertainty in the acceptance calculation associated with complex dynamics of the γp → 3π 0 p reaction; (ii) the remaining γp → ηp → 3π 0 p background for E γ > 710 MeV; (iii) the background from
contributes at E γ > 1.05 GeV and has not been subtracted.
The uncertainty due to the acceptance calculation is estimated to be 5%. − resonance: σ total (γp → ηp) = 16.0 ± 0.1 µb at E γ = 780 MeV [4] .
The ratio of these two values is
The corresponding ratio for the pion induced reactions measured in the earlier Crystal Ball experiments [5, 14] is
The two ratios have very similar values. This can be seen as an indirect confirmation of the earlier estimate B(S 11 (1535) → P 11 (1440)π) ≈ 0.08 [5] . The slight difference between the two ratios can possibly be attributed to the different interference between N(1520) − and to the difference in the non-resonant background in photo-and pion production.
The isospin-conjugated 3π photoproduction processes were measured previously at higher beam energies in several bubble chamber experiments [17, 18] . In particular, the γp → π + π − π 0 p total cross section grows rapidly to about 20 µb from threshold to E γ = 2 GeV and then declines gradually to about 10 µb at E γ = 6 GeV forming a broad peak with a maximum at around 2 GeV. Assuming similar behavior for the γp → 3π 0 p cross section we can speculate that the rapid growth of the 3π 0 cross section from threshold to 1.4 GeV is determined by the contributions from N * and ∆ * with masses 1.9-2.2 GeV/c 2 .
In order to study in more detail the enhancements at √ s ≈ 1.5 GeV and 1.7 GeV we have fitted the cross section with a third-degree polynomial excluding the enhanced areas from the fit. The result of the fit is shown in Fig. 4 To summarize our results, the total cross section for γp → 3π 0 p has been measured for the first time from threshold to 1.4 GeV. The excitation function for σ total (γp → 3π 0 p) has two broad enhancements at √ s ≈ 1.5 GeV and 1.7 GeV. The ratio σ total (γp → 
